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ABSTRACT

The results of an extensive series of measurements of the degree of

linear polarization of light bidirectionally reflected by samples of desert

sand, white sand and soil under various conditions of illumination are presented

in graphical form. Measurements have been made in three spectral intervals

(bandwidth - 150 A) centered on X3970, 4865, 5890A and 'white light' w;th

a simple 'rotating-analyzer' type reflectometer. Simple Fourier series

representations have been established for the azimuthal dependence of the

degree of linear polarization of the reflected light for 'white light' measure-

ments. The results af the corresponding error analysis are shown ;-i an error

curve.
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INTRODUCTION

The study of the reflection properties of natural formations con-

stitutes an important part of the extensive experimental research program

which is being pursued in the Atmospheric Optics and Radiation Laboratory

of +.e Department of Meteorology, University of California, Los Angeles.

The rsults of preliminary studies have been reported upon by Chen et c I1 and

Chen and Rao 2 . These studies revealed that a detailed examination of the

azimuthal dependence of the polarization of light diffusely reflected by

natural formations would be an important prerequisite even for a semi-

empirical understanding of scattering of light by optically rough surfaces.

The need for and relevance of such studies have also been keenly felt in

investigations directed towards the interpretation of radiation measurements

from meteorological satellites.

EXPERIMENTAL STUDIES

The experimental geometry is shown in Figure la. The reflecting

surface of the sample defines the equatorial plane. %o is the angle of

illumination; e is the nadir angle of observa*ion. The principal plane of

the source S is defined by the direction of illumination and the normal to

the equatorial plane. It is the reference plane for the deie..sination of

+1
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the azimuth of the plane of observation defined by the direction of

observation and the nomal to the equatorial plane.

In the present measurements, the angle of illumination 0 has been

set equal to 000 , 5300 and 78o30 successively. The azimuth angle

has been varied in steps of 30o00 over the entire circle. In any plane of

observation defined by a paticular value of I , the reflected radiation

has been examined over the region 000' - 19r 800 00' by varying in steps

of 1000 ' . An additional set of measurements has been obtained corresponding

to 9 = 7fO°0'.

Details of the 'rotating-analyzer' type reflectometer and the data

acquisition system are shown in Figures lb,c and d. Detailed descriptions

have been given elsewhere by Chen et al (Op. Cit.). Samples of white

sand (gypsum derived translucent grains of dimensions of the order of 0.5 mm),

desert sand (silica deriv, translucent grins of dimensions of the order of

0.5 ain) and soil (opaque particulates of dimensions of the order of 1 mm)

have been studied when illuminated either with natuml (unpolorized) light

or with plane polarized light with the plane of polaization either parallel

or perpendicular to the principal plane of the source. The choice of these

samples in the first .nstance was governed by the fact that they have been

frequently examined both in A.e laboratory and on the field by investigators

elsewhere 3" 4 .
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The degree of linear polarization of the reflected light has been

measured in three narrow (bandwidth - 15D A) spectl interals centered n

AX3970, 4865 and 5893A- In addition, 'white light' -msmxeme& have

also been made with the inteifwence filte removed from t opical 2ain in

the reflectometer.

REPRESENTATION OF Th1 DATA

The analog data ons xrp-charts has been ft to cmute the
v -V.

degree of polarization, P, with he use of th formula P ) = ]Go MAX MI

VMAX VMIN
wher VM.4 and VmAx are respectively the ainesu and -me, ----- iahIs&

of he photovoltage ove half a reomwlion of the €aiazug GIon-71

prism. CAesponding to a given state of polarization of the ilb ,ton,

angle of illumination and nmir angle oF observation, wwasueats have been

made over the azimuth circle by vying4 in steps o04 30 - - 1he

insrmentw configuration was such that, in ce in Fms of ,bsmwtirxi.

corrpMMding to particular values of 9 and 9. meommi rests comd rot0

be obtained as tue sxxow of the i ,truei wasmt on dte suIace of te

sarve. The probable values of the soArization hawe been de~easkind by

ciahical irempolati. .n t cases.

The meaured g .isufibal dependence i thoe Polarizatiw at the

reflected light is sinwn in Fig;ixes 2 to 262- In those =mm when the
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illumination is plane polarized, the orientation of the plane of polarization

is indicated by a properly oriented arrow; thus a vertical arrow indicates

that the illumination was polarized parallel to the principal plane of the

source and a horizontal arrow indicates that the illumination was polarized

normal to the principal plane of the source.

It is apparent from the data shown 'n Figures 2 through 262 that the

degree of polarization of the reflected light exhibits noticeable azimuthal

dependence except when the samples are illuminated with natural

(unpolarized) light along the nadir direction or when 9 = 000 ' . This

anisotropy is uniformly noticed in all spectmcl ntervGls. It is for this reason

and for the sake of brevity that only +e Fourier ,,.: - representations of the

azimuthal dependence of the polarization of reflected 'white light' are

given in the diagrams. The conventional harmonic analysis and synthesis

schedules developed by Pollak5 have been used in determing the Furer

coefficients. The results of the checks made at three arbitrarily chosen values

of in the case of each of the Fourier series are shown in the relative[error curvo of Figure 263.
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CONCLUSION

The -.iginal objective was to attempt a simple empirical repre-

sentation for the degree of polarization of the reflected light taking into

account the 6, ao and 4 dependencies simultaneously. It has not been

possible to attain this objective since the Fourier coefficients vary rather

irregularly with 6 and 6° for given conditions of illumination. The

information presented herein can however be used to estimate the degree of

polarization of the reflected light at any desired value of the azimuth

under given conditions of illuminat*n and observation. Such computations

are considered useful in aerial photographic reconnaissance studies and in

the interpretation of radiation measurements performed from meteorological

satellites.
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P((p) =2.27 +1.62 coso -0.06 cos 2( - 0.12 cos 30 +0.26 cos4o -0.25 cos 50

-0.03 cos6qo + 0.00 sinp -0.07 sin2o +0.08 sin 3o~ -0.19 sin4o + 0.18 sin 5o



19

24000!

300*CS 20ADOW

6:0~ 202053'

OF THE ~POLARIZATION OFCRLECELIH

0.0 0 0.0 HITE +IH 0014 si7o -00 a i~i,0l &i~c -0.23 It n5e



2700 000

PO.ARIZATION SCALE

* 0 0WHTE LIGHT 00039701 &&A4 25 ua358901
S-SHADOW

SAMPLE: DESERT SAD ILLUMINATIN NATURAL LIGHT

FIG. 14. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
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PF() = 3.28 + 3.46 coso + 0.39 cos2o -0.37 cos3o + 0.02 cos4o + 0.05 cosSo

-0.08 cos6o -0.35 sino -0.28 sin 2 o + 0.02 sin3o-0. 02 sin 4o -0.09 sin5o
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FIG. 15. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

N)= 3.82 + 4.22 cosci + 0.32 cos2 c, - 0.07 cos3 o,+0.12 cos4o + 0.00 cos~c.

+ 0.15 cos&o -0.24 since -0.19 sin 20D -0.02 sin 3o- 0.02 sin4 o -0.03 sifl&D
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P(p) 4.47 + 4.68 coso + 0.13 cos2, - 0.05 cas 3 v + 0.23 cos4p + 0.10 cos.5o

+ 0.03 cot 6o - 0.48 sino - 0.06 sin 2o + 0.02 sin 30 - 0.12 sin 4o + 0. 15 sin 5o
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P~p 5.10+ 5.O7cco -0-5 4 cos2o-.50 cos3o.:+0.42 cos4o 0.23cos5 o
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Ph,) = 5.23 + 4.47 coso -0.77 cos2o + 0.08 cos3o + 0.22 cos4o -0.06 cos5o
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Nop) =7.66 + 2. 80 coso - 0. 01 cos 2o - 0. 23 cos 3o + 0. 14 cos 4qp - 0. 06 cos 5o

-0.2 cos6q, - 0.01 sino + 0.04 sin 20 - 0.02 sin 30 - 0.04 sin 4o - 0.01 sin 5o
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FIG. 24. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
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p()= 7.56 +4.00 cos'P - 0.30 cos2p +0.27 cos3 p +0.03 cos 4 o - 0.13 cos5 .

+0.20 cos69P - 0.02 sinp +0.06 sin 2(p - 0.03 sin 3p - 0.06 sin 4 0 - 0.02 sin50



31

':70,000

ov w

240'O( 120000

21000 150"00',

4:18000!

POLARIZATION SCALE

* * WHITE LIGHT 0 0 0 397r A A L 48651 2 x X 58901
S-SHADOW

SAMPLE: DESERT SAND ILLUMINATION: NATURAL UGHT
6-40 eo ?30'

FIG 25. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

P p) 7.59 +4.74 cosp - 1.01 cos 2 o +0.00 cos 30 - 0.19 cos4o +0.26 cos5o

+0.62 cos6o - 0.01 sino - 0.07 sin 2p - 0.02 sin 3 0p - 0.07 sin4o - 0.01 sin 5(p
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P) 6.83 +4.14 cosw - 1.99 cos 2rp +0.25 cos3o +0.22 cos4o - 0.04 cos 5p

+0.31 cos5p - 0.04sins - 0.16 sin2o - 0.08 sin3 - 0.16 sin4(p +0.15 sin5o
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P =p 6.51 + 3.24 ',m - 2.45 cos 2 p - 0. 02 cos 3r + 0.32 cos 40 - 0.17 cos5o0
+0.35 cos6rp - 0.03 sino - 0.06 sin 2(p - 0.07 sin 39~ - 0.06 sin4qo - 0.03 sin 5 0
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Pp) 6.02 +3.31 coso - 2 .3 7 cos2 o -O. 62 cos3 -O. 10Cos 40 +O.09 cos5 o
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Pp) = 22.52 - 0.06 cos0 - 0.25 cos2o - 0.22 cos3o + 0.43 cos40 - 0.03 cos50

+ 0.20 cos60 - 0.33 sin + 0.00 sin 2op + 0.08 sin3 0 -0.32 sin40 -0.05 sin 5r
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NO)= 19.80 -0.18 cosrp+ 0.67 cos2i + 0.17 coe" + 0.30 cos4f0 -0.04 cos5o
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44 13.99 - 0.02 coso + 4.59 c, 20 +O.O 2 cos 3r + 0.71 cos 4 0 + 0. 10 cos 50

- 0. 83 cos 60 - 0.16 sino - 0. 82 sin 20 + 0.03 sin 30 + 0.54 sin 40 + 0. 10 sin 50
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FIG 37 POLAR DIAGRAM SHOWING AZIMUTHA'. VARIATION
OF THE POLARIZ ATIOfN CF REFLECTED LIGHT

P~fh= 1'3..18 - 0. 10 coso 6.63 cos 2p~ 0. 05 cos 3,p- 2. 97 cos4(p - 0. 10 cc 50

-1. 90 cos 6c- 0. 08 sino -1I. 01 sin~ -9( 0. &3, -0.78 sin 40 - 0. Go Sir. 5q
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875* 9o

FIG 38. POLAR DIAGRAM SHOWING AZ, fIUTHAL VARIATION
OF THE POLARIZAT-ION OF REFLECTED LIGHT

44)= 12.87 + I.5,' cos + 6.97 cos2 + 0.97 cos3ro+ 1.68 cos4 + 0.16 cos55

-3.50 cos6cp + 0.22 sinqD - 0.32 sin 20 + 0.80 sin3o- 0.46 sin40 + 0.42 sin Sip
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT-
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FIG 39. POLAR DIAGRAM SHOWING t ZIMUTHAL VARIATION
OF THE POLARIZATION CF REFLECTED LIGHT

P(p) = 13.68 + 0.88 cosp + 8.70 cos 20 + 0.18 cos 3o+ 3.52 cos 40 - 1.06 cos5o

- 4.00 cos61p . 0.32 simp- 0.22 sin 20 + 1.08 sin3g0 - 0.32 sin40 + 0.76 sinS
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FIG 4!. POILAR DIAGRAM SHOW!NG AZIM/UTHAL VARIATION
OF THE POLAiRAT0N OF REFLECTE7D LIGHT

Po) 19 .0 8-'-l. 2 0coto +3.41 cos 2o -O.i cos 3o +O.14 cos 4o- 0.04 cos 5 v
0 .3 3cos 6o - 0.07 sino - 0. 07 sin 2o +0. 01 sin 3o - C.IA sin 4o - 0. 12 sin 5 o
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RIG 42- POLA-R EYAGRAIA SHOW11ING AZIM711UTHAL VARIATION

OF THE P04 IZAT ION OF REFL ECTED LIGHT

P(*)=16.26 +169coso+2.l6 cos2o- 0.10 cs 3 o~+.21 cos~o-O. 19 cos5 o

+0. 13 cos6c -4 .06 sino '-0.07 sin 2o +0.03 sin30 +0.01 sin 40+0.33 sin5o
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FIG 43- POL,.'R DIAGRAM SHO'IIG AZITHAL VARIATION
OF TH E POLARI ZATION OF REFLECTED IJGHiT

P(s) =17.38 +2.39coso+4.15 cos20 +0.33 cos3 +0.1 cos4 - 0.03 cos5c

+0.3D cas6qa - 0.01 sino +0.09 sin 2o - 0. 13 sin30 z-0.09 sin 40 - 0.01 sir- 5
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Plo) =16.44 + 2-47 coso +7.31 cos 2 o +0_66 cos 3 o --. 16 Cos 4C - 04 cas 5o

-0.01 cos6 o - 0.06 sino - 0-04 sin2o - 0.51 sin 3 o -0.46 sin4o - 0.06 sin~o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT
0: 60 G 536

FIG 46. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZAT!ON OF REFLECTED LIGHT

P(p) = 14.33 +3.63 coso +11.97 cos 2p +3.83 cos 30 + 1.01 cos4 - 0.75 cos 5

-0.38 cos 6o - 0.23 Ano - 0.92 sir 2 - 0.38 sin 3p +0.12 sin 4f. - 0.20 sin 50
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FIG 47. n'1JL" Dl;,G A S NIG AZIMUTHAL VARIATI!ON
OF THE POLAIiZATIO0N OIF REFLECTED LIGHT

0 080 ccs 6 ;o - 023 sine - 0 46 sin 2o- 0. 16 sir 3co + 0.27 sin .0 o + G. 41 sin 50

L
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED L.GHT
8-750 9 536

FIG 48. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

N)14.45 +5.94 coso+ 12 .66 cos2o +5.06 cos30 +3.08 cos4o+0.06 cos5rp

+0.03 cos6 --0.35 sino -1.12 sin2o- -0.53 sin 30- -0.53 sin 40- 0.08 sin 5o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT-
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FIG 49. POLAR DIA4GRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF RE7FLECTED LIGHT

Po) 14.64 +7.08 cos + 13-09 cos 2o +5.12 cos 30D+3.16 cos 4o- 0. 54cos5;D

-0. 38 cos 60 - 0.44 sino - 1l.34 sin2o - 0. 76 sin 3o- 0. 62 sin 40 - 1.14 sin5o
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FIG 50. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT
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SAMPLE. DESERT SAND IL'U'IUATI-Z)?f POLARIZED LIGHT
O: loo j 7r 30"

FIG 51. POLAR DIAGR'M SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

Po) = 22.1 +2.63 coso +0.38 cos2o -0.15 cos3o 0.17 cos4o - 0.41 cosSo
+0.38 cos6o +0.23 sino - 0.35 sin 20 +O.467 sin 3o - 0.55 sin4o +0.31 sin 50
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0- 20" 7 8OW0

FIG 52- POLA1R DIAGRIOM SHOWING 87ZillAHl VARIAT iON
OF THE POLA CZATION OFREFLECTED LIGHT

Pip) = 22.92 .4.25 coso +2.41 cos2ja+0.08 cos3 o- 0.0k5cos4o +0.02 cos~o

-0.28 cos6o - 0.03 sino +0.06 sin 2f - 0.07 sin 3o +0. 10 sin4fo - 0.07 sin5o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT
9: 60* 78o30'

FIG 56. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

P() = 17.56 +8.48 coso + 15.39 cos2o +3.43 cos3o +0.32 cos4( +0.72 cos5,.a

+2.62 cos6o +0.12 sino +0.48 sin 2(a +0.25 sin3o +0.47 sin 4o +0.12 sin5o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT
070* 8- 830'

FIG 57. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

No ) =19.95 + 9.99 cosco + 16.44 cos2(a + 3.88 cos3(a + 2.32 cos4(p +0. 78 cos 50

+0. 20 cos 60 +0.02 sin~o +0. 28 sin2(p +0. 05 sin 30 +0.? sin 40 + 0.02 sin 50
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Ph,) ~ *WIT 20.53 +0.4 C 0 1.0 3970 A&.A85X o x +22 coxc +1.90AXS
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SAMPLE. DESERT SAND ILLUMINAT!ON: POLARIZED LIGHT
8: 80*8 78*3W'

FIG 59. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECE IH

P~f) =22. 2 + 13. 20 coso + 17. 58 cos 2o + 4.58 cos 30 +3. 42 cos 4fp + 1. 86 cos 50

+2.90 cos6o +0.16 sine +0.28 sin 20+0.32 sin3cp F0.27 sin 4w+0.16 sin6o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT
8: 10* io

FIG 60. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

No)22-38 -0. 11 cos + 0 36 cos 2o -0.08 cos 3o +0.42 cos40 -. 11 cos51p

+ 0.02 cos 6(p - 0. 12 sin 0 + 0.13 sin 2o - 0.10 sin 3(p - 0.07 sin 4tp - 0. 08 sin5o
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FIG 61. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARiZ-ATION OF REFLECTED LIGHT

P,) = 19.85-0.41 cosqo-0.18 cos 2p+ 0.33 cos30+ 0.58 cos4o-O. 26 COS 50

+0.30 cos6rp- 0.08 sin~ +0.10 sin2q +0.00 sin3f -0.13 sin4 - 0.08 sin'-q,
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT
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FIG 62. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLi IIZATION OF REFLECTED LIGHT

P(;) = 17.69 - 0.06 cosip - 1.35 cos 2(p +,.03 cos30 +0.33 cos 40 - 0.02 cos50

- 0.05 cos60 - 0.07 sinp - 0. 09 sin 20 - 0.02 sin 3o - O. 17 sin 41 - 0.04 sin 5o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT
8 -500 0*

FIG 64. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

P(,) =14.83- 0.19coso- 3.56 cos2 +0.05 cos 3o+I.0 4 cos4 o+0.04cos5o

+0.17 cos6v +0.09 sino +0.39 sin 20 -0.02 sin 3 o -0.22 sin4o - 0.06 sin 5 o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT

0: 70.

FIG 66. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

Ptp) 12.97 +0.00 coso - 6.21 cos2 0 - 0.25 cos3o +2.91 ccs4o+0.20 cos 5 o

+1. 20 cos6o - 0.30 sino + 1.30 sin20 - 0.15 sin3o - 1.10 sin4o +0.35 sin5o
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OF 'Ffth qisF!G OAREFL1-ECTED I!XHT

PWJ = 12.92 - 0.01 coso - 7.18 cox2o - 0-05 cos3c *3-33 cas4c -0-04 crs5c
+2.07 ca60 +0O.11 s~ '1 .01 sin 2o - 05 sn3o- 0-92 sin4o I .-40 sirn5
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHTI
0.100 530

FIG 70. POLAR DiAGR% SHOW-A~ATA AiTO
OF HE 0 17"Z~TION 10F REFLECTED LUHT

Po)7.522.02 cos + 0. 22cos 2o .17 cos 3o0.l18cos4 0o.lcso

-0.05 cos6o - 0.16 sinco - 0.10 sin 20 - 0.12 sin 30 + 0.07 sin 40 - 0.16 sin 5o
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S-SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED UGHTt
0: 230 64530

FIG- '1. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pip) 6.69 - 3.90 coso + 1.18 cos2o + 0.55 cos3 oj + 0.29 cos4co - 0.30 cos5o

+0.10 cos6o - 0.22 sinp + 0.16 sin 20+0.05 sin 3r - 0.02 sin4o + 0.7 sin 5o
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED UGHT l
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FIG 72. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

pl)= 7.59 - 6.34 coso + 1.48 cos2 p + 1.28 cos3o+ 0. 83 cos4 - 0.10 cos5o

- 0.15 cos60 - 0.44 sino - 0.29 sin 2 o + 0.13 sin3lo + 0.12 sin 4 fo - 0.03 sin5o



79

300000!

k:300 3000OW ~ 9O0

200000 40 j5QOQ

I0~0

POLARIZATION4 SCALE

*WHITE LIGHT 0 0 03970,L A A A 465. x x 58901

SAMPLE- DESERT StND ILLuJi'aTiON: DOLARIZED 1161ff
:40* ~5y

FIG 73. POLAR DIAGRAM SHOWING ZUTA AITO

OF THE POLARiZATiON OF REFLECTED LIGHT

Pip) =8.38 - 7.61 coso + 1. 90 cos 2rp+ 2.32 cos 3o+ 1. 35can 40+ 0.39 cos 50

-0.25 cos61p- 0. 02 sintp - 0.18 sin 20 +-0.00D sin 30 + 0.03 sin 40 - 0.23 sin 50
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FIG, 74. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~)1.0 .7csp+15 o~ 14 o~ .5cso+15 o~

-0.03 cos60 + O.04sintp - 0.28 sin2qp - 0.08 sin3qp - 0.09 sin4o + 0.00 sin5o
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=IG 75. POLAR DIAGRAM SHOWN AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

Pip) 11. 18 - 5.50 cos + 0. 17 cos 24p+ 2.52 cos 3(p+ 1. 90cos 40+ 1.13 cos 50

+ 1.12 cos6f, - 0. 12 sinql + 0.00 sin 2o - 0.33 sin p - 0. 16 sin 4o - 0.01 sin 5o
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FIG 77 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pip)= 16.88- 0.80co0- 0.1.5cos20+1.55cos 3 0+ 2.3 0 cos4o +0.70cos5;o

+0.88 cos6o - 0.34sinp- 0.18 sin2rp + 0.13 sin3o - 0.17sin4+ 40.07sin50
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FIG 78. POLAR DIAGRAM SHOWING AZIMUTHAL VARIAT1ION
OF THE POLARIZATION OF REFLECTED LIGHT

Pep) 18-044 + 2.48 coso +O0.60 cos2o + 1.03 cos3o + 1.48 cos4o+ 0.49 cmos

+ 1.65 cos6o - 0.57 sino - 0.46 sin2o + 0.25 sin30 - 0.16 sin4fp + 0.06 sin5o
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Nop) = 8.70 -0.47 ce.,i + 3.29 cos 24 + 0.72 cos 3 (p- 0. 12 cos 4u - 0.09 cos 5
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P4p)=8.64-O.25coscp+5.66cos2p+ 1.95cos3cp+0.33 cos4gD-O0.28 cos5ep
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Pm) 2D.97 +4.51 cos + 4.58 cos 2o+ Il.37 cos 3o + I . Acos 4o+ 2.0cos 5o

+ 1.33 cos6o + 0.15 sino + 0.29 sin 2o + 0.30 sin3o + 0.29 sin 40 + 0.15 sin5o
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Prj) 26.48 + 7.60 coso+ 5.42 cos2o + 1 .53 cos 3v+ 2.62 cas 4+0. 56 s5 0
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P() = 28.09 + 11.03 coso, + 6.00 cos 2o + 2.52 cos3o + 2.13 cos 4 0 + 1.10 cos50
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P~p) 29.45 + 12.66 casip + 7.2 cos 2qp + 3.37 cos 3o+ 2. 80 cos 40 +2.27 cos 5o[+ 1.70 cos6 + 0. 20 sintp+0. 34 sin 20+ 0.40 sin 34p+C 34 sin 4(p +0.20 sin 5o
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P(p) = 3.19 + 2.83 coso +0.12 coi2o + 0.27 cos3o- 0.07 cos4 + 0.15 cos5o

+ 0.02 cos6oD + 0.30 sino + 0.12 sin 2(o - 0.02 sin 3 o - 0.03 sin40 - 3.03 sin 50
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P~p) =4.78 4.72 cos, -1- 0.83 cos2o 0-.45 cos3o+.l-7 cos4o + 0.28 cos~o

0.13 cos 6,, +- 0.12 sino -0. 02 sin 2 o - 0. 02 sin3o - 08 sin 40 0. 01 sin 5o



119

00009

3000003000

=27000d 4g:9oJo,

210000' 120000'

210*OU 180000

0 00WITJE LST 0 0 039,70! A£AA 4&651 7 v

FIG 113 1P-OLAR DIAGRAM SFHOVING AZ1IMUTHAL VARIATION
OF THE POLARIZATION OF IREFI.f~EEILIGHT
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P(p) 5.47 + 4.97 coso + 2.02 cos 2p + 0.85 cos 30+ I .01 cos4o + I .!3 cos5o
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P(p) = 5.08 +0.02 cosup +0.11 cos 29 +0.03 cos 3p -0.01 cos 4(P +0.05 cos50p
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Pt) = 4.15 +0.08 coso +0.34 cos2 o - 0.05 cos3o +0.08 cos4o +0.03 cosSo

+)0.07 cos6;2- 0.20 sinO - 0.10 sin2o - 0.08 sin3 tp+0.10 sin4o +0.06 sin 50
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FIG 121. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATI1ON
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NO) 3.87 + 0.08 coso + 0.52 cos 2o - 0.-03 cos 3 0 + 0.26 cos 4o + 0.05 cos 5o

+ 0.00 cos 6o - 0. 06 sin o - 0. 13 sin 2 o + 0. 03 sin 3o - 0. i3 sin 4 - 0.06 sin 5o
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FIG 126. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

P) 4.78-0.05 cos +1.69 cos*2WI -0.13 cos3 +1.02 cos40 -30.15 cos 5

-0.28 cos6 + 0.022 sino -. 36 sin 2 -0. 22 sin 3o -0.51 sin4o +. 02 sin5o

0.8cso+.2snp-03 i ( -02 i 0-05 i~ 00 i (
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FIG 127 POLAR DIAGRAM SHOWING AZIMUTHAL V'ARIATION
OF THE POLARIZATION OF REFLECTED LIGHT
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FIG 128 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Ptp) = 5.62 -0.12 coscp + 0.25 cos 20 - 0.05 cos 39o+ 0.05 cos4p + 0.03 cos5o

0.05 cos6o + 0.01 sing + 3.09 sin2o - 0.03 sin 3p- 0.03 sin4o - 0.04 sinSrp
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FIG 129 POLAR DIAGRAM SHOWING AZIMUTHAL VARIAT ION
OF THE POLARIZATION OF REFLECTED LIGHT

NOrp 5.51 + 1.08 coso + 0. 70 cos 2o +0. 02 cos 3p + 0.-02 cos 4o +0.0 1 coa 5o

-0.05 cos6g, - 0.08 sino~ - 0.03 sin 20 + 0.03 sin3o - 0.12 sin4 o + 0.06 sin5o
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FIG 130 POLAR DIAGRAM SHOWING AZIMUTHAL VARIAT ION
OF THE POLARIZATION OF REFLECTED LIGHT

NO) 5.50 + 1.57 cosp + 1. 36 cos 2c + 0.08 cos 30- 0.03 cos 40 + 0. 10 cos 5rp

+ 0. 03 cos 61p -0. 14 sinqo- 0. 04 sin 20 + 0. 08 sin 3r +- 0. 01 sin 40 - 0.08 sin 5o
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SAMPLE. WHITE SAND ILLUMINATION- POLARIZED LIGHT-e
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FIG 134 POLAR DIAGRAM SHOWING AZIMUTHAL VARIAT ION
OF THE POLARIZATION OF REFLECTED LIGHT

NO) 6.19 + 5.02 coso + 5.74 cos 2o + 2.85 cos 3cp+ 1.66 Cos 4 (p + 0. 38 cos 5o

+ 0.32 cos6o - 0.31 sino - 0. 10 sin 2o - 0.07 sin 3cp+ 0.07 sin40 + 0. 10 sin 5o
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FIG- 135 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OFTHE POL ARIZATION OF REFL ECTED LIGHT

Nop) = 6.48 + 5.50 ame + 5.90 cos 2o + 2.88 cos 3v + 1.57 cos 40 + 0.17 cos 50

+ 0. 00 cos6qp - 0.21 sinqp - 0. 18 sin 2;D + 0.08 sin 3r + 0.07 sin 4p + 0.14 sin 5
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FiG 136 POLAR DIAGRAM SHOWING 'Z7jIJTH"; VAINATION
OF THE POL:ARIZATION OF IREFLECTED 11UGHT'

P()77 .0cs .8cs2p+44 o c f- 3.! 1 cos 40 + 1.49 cos 50

+ 1. 45 cos 6o -0. 30 sinp + 0. 18 sin 20 - 0.32 sin 3o - 0.60 sin 40 - 0.16 sin 50
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SAMPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT-
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FIG.138 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~)8.68 + 1.50 cos + 0.27 cos2o - 0.22 cos3o- 0.05 cos4(0- 0.08 cos~co

0. 02 Cos 6to - 0. 38 sinp - 0.20 sin 20 -0.03 sin3(a + 0. 00 sin 4,, + 0. 00 sin 50
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SAMPLE:WHI TE SAND ILLUMINATION: POLARIZED LIGHT -*-

FIG 139 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LiG-'HT

No~) 8.60 +3.04 coso + I.01 cos 2o -0. 27cos 3o-O.02 cos 4o0 -02cos 5(o

-0. 27 cos 60 -0.47 sino - 0. 39 sfi 2r - 0. 07 sin 30 + 0. 10 sin 40- 0. 10 sin 5o
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SAMPLE:WHITE SAND ILLUMINATION: POLARIZED LIGHT
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FIG. 140 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Po) 8.64 + 4.40 coso + 2.16 cos 2o + 0. 40 cos 3 -0. 12 cos 4; - 0. 16 cos 5i

+ 0.18 cos60- 1.02 sin0- 0.22 sin20 - 0.12 sin3- 0.18 sin4o+ 0.05 sin5o



M7

300000"

*300 300004:9000

240006 200

1: 8000!

POLARIZATION SCALE

00 *WHITE LIGT 00039MI A £&4M! X ax 59A
S-SHADOW

SAMPLE:WHITE SAND ILLUMINATION: POLARIZED LIGHT-
0:40 ~78"30O

FIG 141 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pip) =8.30 +6.21 coso 1-4.22 cos2ro+ 0.95 cos3co- 0.02 cos4c, - 0.11 cosSto

+0.30 cos6 rD- 1.1.3 sinc- 0.65sin2o + 0.22 sin3 'o- O.19sin4o - 0.15sin5o
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SAJIPLE:WHITE SAND ILLUMINATION: POLARIZED LIGHT-.

FIG. 142 POLAR DIAGRAM SHOWING AZIMUTHAL VARIHJITK)N
OF THE POLARIZA TION OF REFLECTED LIGHT

P~)8.32 + 7.48 cosco + 6.37 cos 2 o + 2.08 cos 3o+ 0.75 cos 4o + 0.24 Cos 5o

+ 0.72 cos6o - 0. 86 sino± - 0. 84 sin 2c - 0.27 sin 30 - 0.12 sin 4 0j + ,..15 sin 5o
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SAMPLE- WHITE SAND ILLUMINATION: POLARIZED LIGHT.-.
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FIG.143 POLAR DIAGRAM SHOWING AZIMUTHAl. VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pf) = 8.59 + 8.73 coso + 8.62 cos2o + 3.82 cos3o+ 2.!2 cos40 + 1.05 cos5,0+ 1.30 cos6o - 0.92 sin - O.74 sin 2 -0.02 sin 3c +O. 10 sin 4o + 0.15 sin5,
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SAMPLE:WHITE SAND ILLUMI:NATION: POLARIZED LIGHT.-
8-70 4-.78-30.

FIG 144 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P2 ,)= 9. 24 + 10.76 coso +I 1. 24 cos 2o +5.6 2 cos 3o + 4 .18 cos 4o+ 1. 82 cos5o0

+ 1.62 cos 6(p-- 15 sino - 1. 02 sin 2o- 0. 27 sin 3q - 0.13 sin 4o - 0. 04 sin 5o
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FIG. 145 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PW 10. 57 -! 12.21 coso-' 11 .73 cos 20+ 7.10 cos 3o +4.32 co-,40 + 2 .94 cos5c0

+ 1. 38 cos 6o - 0.68 sino - 0. 66 sin 2o - 0. 82 sin 3o - 0. 46 sin 40 - 0. 24 sin 5o
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SAMPLE:WHITE SAND ILLUMINATION: POLARIZED LIGHT
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FIG 146 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P(p) = 11.98 + 15.08 coso+ 12.06 cos20+ 8.08 cos3o+5.36 cos4o+4.08 cosSo

+ 3.40 cos60 - 0.05 singp - 0.04 sin 2 o - 0.12 sin3o - 0.85 sin4o - 0.57 sin5o
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SAMAPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT
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FIG 147 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZAT1ION OF REFLECTED LIGHT

P44)5.00 +0.09 coscD - 0.08 cos2co - 0.10 cos3ua + 0.10 cos4o I-0.06 cos5

-0.13 cos6o,+ 0.12sino + 0.03 sin 2 oi - 0.07 sin 30 -0.06 sin 4,o - 0.14 sin~o
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SAMPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT

0: 20* Q.

FIG. 148 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

=4.76 + 0.18 coscD -0. 15 cos 2o -0. 07 cos 3a + 0. 02 cos 4o -0. 16 cos 5o

-0.25 cos6rm - 0.08 sin** - 0.03 sin2o - 0.05 sin3o - 0.03 sin4co - 0.02 sin5o
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P()= 4.28 - .01 cwo - .30 co2 + 0-03 cas3c .105 cm4 o,' 0.02 ccx5o
+0.05 cos6o - 0.06 sinc + 0.0P9 swa2 - 0-02 sli3o, - 0.06 sim4a 0.08 sin5o
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SAMPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT
0.50. o.0.

FIG 151 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

P) = 3,75 - 0.09 coso -0.77 cos2q, +0.05 cos3 o + 0.30 cos4 o - 0.09 cos5to

+ 0.10 cos6 o - 0.05 sine,^- 0.!7sin2o -0.22 sin3o + 0.00 sin 4 o -0.12 sin5o
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SAMPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT
9: 600

FIG. 152 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

No) 3.63+ .16 coso - 1.10 cos2oj+ O.OD cos3c + 0.47 cos4o -O.2 1 cos5o

+ 0. 20 cos 6p - 0. 09 sin~p + 0. 23 sin 2o0-0. 20 sin 3o + 0. 00 sin 40 - 0.21 sin 5(
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SAMPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT
0: 75* 4.0

FIG. 154 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~o) =4.28 - 0.18 coso - 1.47 cos2u, -0.20 cos 3o + 0. 97 cos 4 o + 0. 13 cos 50

+ 0. 17 cos 6o - 0.06 sino, 0. 52 sin 20- 0.07 sin3g, - 0.38 sin4o + 0.14 sin~o
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SAMPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT
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FIG 155 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pp) 4.90 - 0.39 coso - i.81 cos2o + 0.1 2 ccs 3o + 0.98 cos4o - 0.08 cos5 o

+ 0.57 cos 6o + 0.07 sino + 0.30 sin 2o - 0.12 sin 3o - 0.16 sin 4 o + 0.01 sin So
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FIG 157 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P(;) 2.71 - .9cs .2cs2 .1 os3p+0 2cs4 .2cs5

+ 0.02 cos 6o 0. 12 sino + 0. 12 sin 2o - 0.13 sin 3o +O.O00sin 4 0 - C.01 sin 5 o.
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OF T1HE POLARIZATION OF REFLECTED LIGHT

P4~p) 2.81 - 0.89 cow +0. 12cos 2 + 0.03 cs 3 0 +0.0 4 cos4 o - 0. 05cos 50

+ 0.05 cos6qo - 0.02 sin0 + 0.03 sin 2V + 0.06 sin 30 - 0.00 sin 40 I 0.01 sin 50i



165

330000' 130000

300000'_2 60000'

= 27001Y 90000,

[ ~ ~~240000>1000

0 0 SWM~TP ----- 0 OOO3 i A AA65 x x x ;Ban,

930' 3

FIG 159 DOl.Vq" LDAGMSO N. iZA~A VA' G j~
OF THE POL "'RZ 1ZA sI -0iF IRF ECTEDJGT

Pt,) = 3.02 - 1.64 coso + 0.45 cos 2a+ 0.30 cos 3 oj If0.15 cos4 o - 0.08 Cos 5c
-0.05 cos6o + 0.00 sincp -- 0. 12 sin 20 - 0.15 sin 3o - 0.12 sin4,p If 6.00 sin5o
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L! FIG 163 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PF) = 6.65 - 0.78 coso - 0.92 cos2(p- 0.28 cos3(o + 0.38 cos4 + 0.26 cos5o

+ 0.40 cos6o + 0.68 sin + 042 sin2o - 0.05 sin3o - 0.01 sin4o + 0.12 sin~o
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FIG 164 POLAR DIAGRAMf SHOlwING ".ZIAU TH AL 'vA4RIlN
OF THE POLARIZATION OF REFLECTED LIGHT

N)= 7.83 + 0.55 coso - 0.85 cos 2o - 0.32 cos3(o + 0. 17 cos 4o + 0.06 cos 5-c

+ 0.50 cos6o + 0.43 sino + 0.64 sinl 2(o + 0. 18 sin 3co + 0.03 sin 4o + 0.06 sin6o
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FIG 165 POLAR DOAGRAM SHOWING A!MUTHAL VIARIATION
OF THE POLARIZATION OF REFLECTED LiGHT

Pefp) =9.05 + 1.92 coso - 0.65 cos2o - 0.68 cos3o + 0.10 cos4c,+O0.16 cos5o

+ 0.20 cos6o + 0.86 sinp + 0.57 sin2p + 0.18 sin 30 + 0.09 sin4o + 0.02 sin5co
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FIG 166 POLAR DIAGRAM SHOWING AZIMUTHAL 'VARIATION
OF THE POLARIZATION OF REFLECTED L,-IGHT
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FIG 167 POLAR DIAGRAM SHOWING AZIMU!4THAL VARiATION
OF THE POLARIZATION OF REFLECTED LI1GHT

PP) =1.42 - 0.47 coseD+0.05 cos 2 o -0.07 cos3o+ 0.05 cos 4ca- 0.07 cos 50

+ 0.15 cos 6 o~-0.14 sino- 0.23 tin 20-0.05 sin3o - -0.00 sin 40 + f04 sin5o
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P~p!=15.4+ 11.04 cosp +477cos2o+ 2.07 cos3 (a + .1cos 4 m+O. 3Gcos5 o

+ 0.27 cos6co + 0.13 sino - 0.06 sin 2o + 0.27 sin 30, - 0.06 sin4(o + 0. 13 sin-.p
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FIG. 186 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P(,) = 4.62 + 1.32 cosrp + 0.56 cos2q - 0.45 cos 3o + 0.52 cos4c -0.47 cos5

+ 0.58 cos6p + 0.16 sino - 0.01 sin 2p + 0.07 sin 30 - 0.04 sin 4 + 0.01 sin5o
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PL=-4.69 +3.32 ceq-0. !9 ces2 + 0.02 cos3o- 0.09 cos4 c,- 0.G3cos50A
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194

330°0o0 d #o:o

20000

30000 00'0O0

"POLARIZATION SCALE

*@O •WHITE LIGHT 0 00 3970A • • •4865,A ax 3 5890!

S-SHADOW

SAMPLE:SOIL ILLUMINATION:IIATUIRAL LIGHT

8:30

FIG. 188 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) =5.04 + 4.65 cos'o - 0.44 cos2 + 0.28 cos30 + 0.01 cos4 o - 0.02 cos5o
+ 0.08 cos6c + 0.17 snE + 0.10 sr.2( + 0.07 sn3c + 0.04 sn40 + 0.08 sin5
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P~b) =5.58 + 5.04 coso - 0.33 cos2cp + 0.07 cos3o + 0.25 cos4o - 0.06 cos~o

+ 0. 12 cos 6.D + 0. 21 sino - 0. 06 sin 20 - 0.43 -,in 30 - 0.03 sin 40 + 0. 01 sin 5o
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P(c) 6.38 + 3.85 coso - 1.76 co.2o + 0.10 cos3 o + 0.09 cos40 - 0.05 cosSo

+ 0. 37 cos 6o + 0.12 sino + 0.16 sin 2o + 0. 17 sin 3o - 0.07 sin4o -0.11 sin
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P) = 7.88 + 1.34 coso - 0.06 cos2 4 + 0.02 cos3p '- 0.02 cos4o - 0.16 cos5p

+ 0.02 cos6o- 0.03 sin. + 0.13 sin2o- 0.03 sin3p + 0.01 sin4D- 0.15 sin5p



203

270000'

2400003000

30000d 0000'0

27000S-SHADOW

OF THE ~POLARIZATION OFCRLECELIH

P 0p 76 04 HIT LIH 0.9 0 ~ 0 .05 A o3 A 0.5865A xcxsx5890.5 os

No 0 .co 6 ~ + 20.2 csin0 + 0.2 cs2 + 0.03 csi3p - 0.06 cs4o - 0.50 cs5rp



204

4:0000'

3000003000

4)320000Y 6000 0

240000 200

4:180000.

POLARIZATION SCALE

0*WHITE LIGHT 0 0 039704 AA A4865A x x 3158901

S-SHADOW

SAMPLE: SOIL ILLUMINATION: NATURAL LIGHT

9:30V 9j78' 30'

FIG. 198 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
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Pefp) = 6.% + 3.24 coscp - 0.52 cos2w + 0.25 cos3o - 0.18 cos4q, - 0.08 cos~qo

-0.22 cos6 (a - 0.30 sinco - 0.09 sin2(p - 0.13 sino 3- 0.09 sin 4,o -0.08 sin5p
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P~o)= 6.82 +3.78 cos,- 1.38 cos 2o0+ . 8 cos3 + .0cos 4+. 9 cos 5p
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P~g) = 5.86 + 3.07 cosqo - 2.58 cos 2o - 0. 12 cos 3o - 0.22 cos 4o - 0.-35 cos 50
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No~) 5.71 + 1.82 coso- 3.20 cos 2o 0 -25cos 3o +0.07 cos 4~o0.32 cos5o0

+ 0.60 cos 60~ + 0.46 sin0 - 0.23 sin 2o - 0.22 sin 3o + 0.17 sin 4o - 0. 12 sin 50
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Pfv)= 5.2 + 1.82 coso - 2.77cos2o - 0.92 cos3o+ 0.30 cos4o -0.15 cos5o
- 0.22 cos60 O0.29 sino - O.09 sin 20 + 0.17 sin3r - O.08sin4 + 0.06 sin o
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=5.38 + 0.62 coso -3.32 cos 2o + 0. 10 cos 3 ,a -0. 02 cos 4r - 0.47 cos 5o

+0.03 cos6o~ - 0.39 sino - 0.30 sip 2o - 0.13 sin 3o, - 0. 28 sin4 wz - 0.39 sin 5o
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P() = 18.61 -0.45coso+ 2 .5 1 cos2- 0.18cos3o+0.54cos4o+0.13cos5b[ + 0.08 cos6 + 0.01 sin, -0.22 sin 2o +0.03 sin3o +0.16 sin4p -0.08 sin5o
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Nr) 31 01cs+-4o2o00 o~+25cso+.5o~

1.63 cos6co -0.23 sinp - l. 17sin2o - O.O8sin3o0. 9 7 sn4o +0.20 sin5(o
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Po) 13-48 -0.07 cos + 5.05 cos 2o -0.3 cos 3 + I 8 0 cos 4o,- 0. 4 cos 5 o[ -0.60 cos6co - 0.14 sinqo - 0.58 sino 2- 0.13 sin3qo- 0.38 sin4o + 3.06 sin 5o.
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Ptp) 1 2.54 -0.06 costo + 7.47 cos 2g + 0.27 cos3 o + 3.28 cos4  - 0.15 cosS
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P o)= 12.71 - 0.20 coso + 7.90 cos2o + 0.53 cos3o + 3.60 cos4o - 0.3 4 cos5o

- 2.22 cos6o + 0. 20 sino - 1.86 sin 2o - 0.05 sin 30 - 0.65 sin 4o - 0.3 7 sin 50
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+ 0.03 cos6c - 0.20 sino + 0.01 sin 2o - 0.03 sin 3o - 0,04 sin 4o - 0.18 sin 5o
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SAMPLE:5OIL ILLUMINATION: POLARIZED LIGHT--.
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FIG. 216 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

=19.58 + 2.08 costp + 2.04 co2ip + 0.38 cos3o + 0.39 cos 4 + 0.32 cos5o

+ 3.17 cos61p - 0.36 sinqp - 0.16 sin 2 cp + 0.42 sin 3o - 0.44 sin 4o + 0.28 sin5o
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FIG.? 217 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 19.8 + 3.15 coso + 3.52 cos 2o - 0.66 cos 3o + 0. 20 cos 40 + 0.06 cos 5o

-0.33 cos6o - 1.85 sino - 1.33 sin2c, - 0.03 sin3o + 0.49 sin4o - 0.03 sin5o
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT-

0 4V 3

FIG. 2 18 POLA~R DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED L!3HT

p~p) =18.21 + 2.49 comp + 6.83 cos 2o+ 0. 23 cos 3o +0. 12 cos 4o - 0. 08 cos 5o

+ 0.98 cos60p - 0.49 sin~p + 0.00 sin 2o - 0.05 sin3o. - 0.26 sin 40 - 0.35 sin5io
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SAMPLE:SOIL ILLUMINATION: POLARIZED LIGHT-.
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FIG.220 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

NO) 16.43+ 3.16 cosp+ II. 80 cos 2p+3.05 cos 3p +0. 32cos 4p-. 5 1 cos 5o

+ 0. 30 cos 6q - 0.80 llno + 0. 61 sino - 0. 48 sin 3p + 0. 23 sin 4o + 0. 21 sin 50
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT.--

FIG.221 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REF.ECTED LIGHT

OP) = 16.49 + 4.87 cr-o + 12.48 cos2o + 3.62 cos3( + 1.23 cos4 - 0.59 cos5,,

-0.02 cos6 - 0.18 sinqo - 0.40 sin20 - 0.60 sin3o + 0.09 sin 4 o + 0.33 sin 5(
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SAMPLE: SOIL ILLUMINATIION: POLARIZED LIGH-.
0: 75" 4-539

FIG. 222 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

No) 16.94 +6.09 coso + 12.61 cos 2q + 3.82 cos 3p+ 1.61 cos 4rp - 0.61 cos 5p

0. 32 cos 60 - 0.29 sinp -0. 27 sin 20 - 0.40 sin 3(o -0. 19 sin 40 + 0.09 sin 50j
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT,-.-
8: 80" J- 53*

FIG.223 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P = 17.83 + 7.83 coso + 12.93 cos 2o + 3.37 cos 3o+ 1.92 cos4o - 0.15 cos5o

-0.67 cos6o - 0.06 sino - 0.20 sin 20 -0.33 sin 3o -0.17 sin 40 + 0.08 sin 5o
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SAMPLE. SOIL ILLUMINATIOU4: POLARIZED LIGHT--
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FIG 224 POLAR DIAGRAM SHOWING AZIMUTHAL VARiATI"ON
OF THE POLARIZATION OF REFLECTED LIGHT
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Plp) =23.18 + 2.47 coso + 0.53 cos 20 + 0.05 cos 30,-0.03 cos 4o - 0. 27 cos 5o
-0.07 cos6o - 0. 73 sinco + 0. 39 sin 2o + 0.05 sin 3o + 0. 79 sin 4o - 0.27 sin 50
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SAMPLE: SOIL ILLUMIWATION: POLARIZED LIGHT-
8.20" 978*30

FIG 226 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~p)= 23.989+3.91 coso + 1. 05 cos 2( + 0. 57cos 3v +0. 35 cos 40- 0.08cos5o

+ 0.30 cos6(p - 0.38 sino - 0. 15 sin 2 ip - 0.50 sin3(p + 0.49 sin 4f - 0.02 sin 5o
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SAMPLE- SOIL ILLUMINATIOi: POLARIZED LIGHT-
9-"30 7830'

FIG-227 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P(= 22.88 + 5.76 coso + 2.78 cos2c, + 0.02 cos 3Q + 0.54 cos4o + 0.34 cos5g

+ 0.40 cos6 + 0.06 sino + 0.56 sin2o - 0.95 sin3q - 0.79 sin4o - 0.76 sin5S
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SAMPLE: SOL ILLUMINATION: POLARIZED LIGHT-
9: 40- Q78*3O

FIG.228 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Ptp) =21.31 -+ 7.33 coso + 6.00 cos 2v + 0.40 cos3o+ 0.22 cos 4q + 0.32 cos54*

+ 1.25 cos6rp - 0.46 sino - 0.06 sin 20 - 0.82 sin 3 cp - 0.09 sin4qw - 0.36 sin5o
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P~)= 20 *WIT LI.8 T 0~ 10970 Aoy 0.20 1 co3~o+1 co c x 591.1 0

+W 1.20.4460+ 8.9cson+10.59s2o 0.98 csir3o -0.1 s4o + .11 sinS
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT
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FIG.230 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~o) 19.24 + 10.79 cos, + 15.30 cos20 + 0.70 cos30 - 0.68 cos4o + 1.16 cosSo

+ 2.85 cos6c, - 0.25 sinqo - 0.29 sin 2o - 0.28 sin 3o - 0.26 sin4o - 0.63 sin.5o
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT--
8. 750 4.78- W

[ FIG.? 32 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION[OF THE POLARIZATION OF REFLECTED LIGHT

No)= 23.44 + 14.99 coso + 18.82 cos2 o~+ 3.33 cos3o,+ 3.53 cos4(o+ 0.93 cos5p

+0.92 cos6(p+' 96 sin - 0.03sin2 + 0.2,8 sir13 + 0.06 sin4 + 0.20 sin5o~
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SAMPLE. SOIL ILLUMINATION: POLARIZED LIGHT.-.
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FIG.233 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P = 26.24 + 16.34 coso + 19.53 cos2o + 3.47 cos 3 .0 + 2.27 cos 40 + 1.10 cos5j

+ 1.38 cos6 o + 0.59 sina - 0.90 sin 2o - 0.75 sin 30 - 0.02 sin 4(D , 0.01 sin 5q)
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SAMPLE: SOIL ILLIU!NATION: POLARIZEID LIGHT
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FIG. 234. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATiON
OF THE POLARIZAT!ON OF REFLECTED LIGHT

P~fp)z 26.45 + 0.02 cosp, + 0. 14 cos 20 - 0.07 cos 3g0+ 0.12 cos 4up - 6~. 0 cos 5o

-0. 03 cos6o + 0.14 sin + 0. 33sin 20 +0.07sin 30 - .4 sin 40 -0.07 sin 50
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT
ff20* .0

FIG. 235. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~o) =23.18 + 0.05 coso - 0. 76 cos 2o + 0. 18 cos 3 o + 0. 59 cos 4o- 0. 02 cos 5o

-0. 13 cos 6o -0. 14 sino + 0. 13 sin 2 + 0.-15 sin 3 o + 0. 05 sin 4o -0. 02 sin 5o
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT

830" 00o

FIG. 236. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

Pp)2.62- .8 coso1. 53 co20 +0.5 cos3 p + 0. 3 1 cos 4o +O.11 cos 5c

+ 0. 00 ccs 60 - 0. 10 sino + 0. 39 sin 2 0 - 0.05 sin 3p - 0. 27 sin 4c + 0.10 sin 40
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SAMPLE: MOL ILLUbMINAYIU~: POIARIZED LI4,,T
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FIG. 237. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATi-ON
OF THE POLAR.ZATION OF REFLECTED LIGHT

P~= 18.48 -0.15 coso~- 2.57 cos 2eo+0.18 cos3co-'0.37 cos -0.08 cos50
+ 0.33 cos6o -0.05 sino~+ 0.58 sin 2 oj - 0.02 sin3o + 0.17lsin4o-' 0.18 sin5(a
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Ph,) ~ 0 15.65E LIH 06 S0 32 0S' 397 1.42 Ao3~ A - 1.601 2 x 5890.6o
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SAMPLE- SOIL ILLUMINATION: POLARIZED LIGHT?

0: 60* -0

FIG. 239. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

N= 13.95 +0.06 cos0o 4.07 cos2o -0.13 cos3 + 0.65 cos4 - 0.08 cos50

+ 1.43 cos6o+ 1.06sinp-0.66sin20- 1.11 sin3o- 0.5Bsin40+ 0.92sin5o
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SAMPLE: SOIL ILLUMIATIMYi POLARIZED LIGHT

FIG. 240. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF KtFLECTED LIGHT

Pp) 13.07- .5 cos - 6.72 cos 2o+. 08 cos 3o+ 2.61 cos 4o+O. 14 cos 50

+ 1.52 cos6o - 0.38 sino0 + .08 sin2 o~ - 0.22 sin3o - 0.56 sin 4cn + 0.01 sin5o.
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT4

8: 100 053-

FIG.244 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

N4o) 12.33- 1l. 94 cos ( + 0.05 cos 2o + 0.07 cos3(p - 0.08 cos 4o - 0.03 cos 5o

+ 0. 20 cos6o - 0. 29 sinp - 0.06 sin 2(p - 0. 13 sin 3o- 0. 06 sin 4(o + 0.06 sin 5ob
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SAMPLE;-SOIL ILLUMINATION: POLARIZED LIGHTf
9: 20* 9 530

FIG.245 POLAR DIAGRAM SHOWING AZIMUTHAL VAR;ATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~ro) 12.02 -3.99 cosco + 0.97 cos2tD + 0.37 cos3o + 0.15 cos4o+ OB-hos5e

+ 0.22 cos6 fD - 0.23 sino - 0.20 sin 2o~ - 0.12 sin 30 +-0.06 sin 4eo - 0.08 sin5o
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OF THE ~POLARIZATON OFCRLECELGH
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SAMPLE. SOIL ILLUMINATION: POLARIZED LIGHTI

e: so" a 5"

FIG.248 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

pfa =13. 59 - 7.16 coso + 1.75 cos 2o + 2.52 cos3o + 1.73 cos4 0 + 0.84 cosS

- 0.84 cos6 q + 0.99 sino + 0.23 sin2c + 0.63 sin 3 0 - 0.60 sin4. -0.37 sin5o
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OF THE POLARIZATION OF RELECELIH

P •b 145 -WIT LIG8 O +OO.39702 - 2.2 cos5 3a - 3.9 4 .0. 6cs5

0.) 42 48 coso + 0.8sno4 .45 sin2o - 0.47 csn3o - 0.42 sin40 - 0.20 sin5o
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POLARIZATION SCALE
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SAMPLE. SOIL ILLUMIINATION*: POLARIZED LIGHT

FIG 250 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PHo= 19.58- O.B8coso+ 1.51 cos2o-; 1.27cos3o+ 2.O6cos4o,+O.3l cos5o

+ 0.7.3 cos6co + 0.01 sino - 0.03 sin2o - 0.30 sin3o +~ 0.29 sin4o + 0.33 siri5o
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SAMPLE.- SOIL ILLUYINATOWrPOLARIZED UGi44

FIG-251 POLAR DiAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P) 21.21 ! .73 coso - .15 cos 2o --l.37 cos 3o +2.7cos 4o- .36 cos 5o

-0. 85 cos 6o + 0. 54 sino - 0. 49 sin 2o - 0. 35 sin 3 o - 0. 17 sin 40 - 0.19 sin 50
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FIG252 POLAR DIAGRAM SHNOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pfo) 22.82 +4.49 coso 1.3cs2 4 o o+19 o o+07 o~

~-28 cos 6o - 0.64 sino +0.%9 sin 2 o -05si 0. 03 sin 40 - 0. 06 sin 50
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Pip) =8.56 -0.10 coso --0.54 cos2c i 0.03 eos3o- 0.06 cas~o C-31 CDS5,-

+ 0.02 cos6o - 1-24 sino - 0.13 sinl 2 0 ; 0.02 sin3o - 0-04 sin4o 0.00 si-.5.-



S - -m

I \ \;crwU

FIG:255 a-L:i a s-cmali- 4zv-c

CF CFREFLcT E)-LiT

S.~ ~ ~ 72 -/.1 -3cs2,-0 702 csi .3 o~

sinOO 2,, 0-3s A o-02 i C -OC i~



262

300000,

33000d 3000d0

240000 150000'

FOLARIZAT!C SCALE

*@&WHITE LIGHTO0OO0391 A A A 4MA 1x x58901
S-SHADOW

SAMPLE: SOIL ILLUMINATION: POLARIZED LI1HT
0:30" 7h* W

FIG.256 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~f) =9.84A + 0. 16 cosip + 3.89 cos 2(p + 0. 88 cos 3o+ 0. 81 cos4(p + 0. 01 cos55v

+ 0. 18 cos 60~ - 0.22 sinfp - 0. 42 sis 2o - 0, 43 sin 3 0 - 0.24 sin 4p0. I.S sin5(o
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FIG. 257 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pip) =12.38 + 1.1i3 cosp, + 5.29 cos 2o + 1. 60 cos34 1.08 cos 4 . - 0.07 c 5,p
- )48 co 6rp + 0. 84 sinqo - 0. 22 sin 2cp - 9.22 sin 3o - 0. 16 sin 4cp - 3.66 sin 5 0~
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FIG.259 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P~tp) 21-98 + 6.14 cos + 6.46 cos 2o+ 1.57 cos 3o+ 2.22 cos 4 + 0.14 ca 5o
+ 0. 18 cos6o + 1.81 sino + 0.30 sin 2o + 0.05 sin 30- 0.19 sin 4f - 0.71 sin 5tp
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FIG. 260 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P(w*) =18.78 + 9.52 cosip+6.65 cos2fp+ 1.35 cos3o+ 2.85 cos40 + 0.18 cos50~
+1.35 cos6(p+ 0.00 sinq, + 0.00 sin 20 + 0.00 sin 3o + 0.00 sin o + 0.00 sin5 os
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Pip) 19.70 + 9.97 coso + 6. 01 cos 20 + 3.15 cos 30 + 3.42 cos 4to+ 3.93 cos 50

+ 3.83 cos 6o+ 0. 10 sino - 0. 04 sin 20 - 0. 08 sin 3f~n- 0. 10 sin 40 - C.08 sin 5q
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